(Introduction)
Bacterial cell walls contain D-amino acids as essential components of peptidoglycans (alternatively, mureins). D-Glutamate is introduced into peptidoglycan through its addition to UDP-N-acetylmuramyl-L-alanine (UDP-MurNAc-L-Ala) 1 , a peptidoglycan precursor, by UDP-MurNAc-L-Ala:
D-glutamate ligase (EC 6.3.2.9). Glutamate racemase (EC 5.1.1.3) catalyzes the racemization of glutamate (1) . The genes encoding glutamate racemase are ubiquitously inherited in bacteria, and the Escherichia coli WM335 mutant, in which the enzyme gene was disrupted, required D-glutamate for growth (2) .
These findings indicate that glutamate racemase provides D-glutamate for peptidoglycan synthesis. Glutamate racemase and its gene, hereafter, are designated MurI and murI, respectively.
The activity of glutamate racemase, however, cannot be usually detected in the cells of bacteria, except a part of lactobacilli and bacilli (3). Doublet et al. (4) showed that MurI of E. coli catalyzed the glutamate racemization only in the presence of UDP-MurNAc-L-Ala and concluded that this peptidoglycan precursor is an absolute activator of the MurI enzyme. On the other hand, the fact that no ribosome-binding sequence is found at the upstreams of the open reading frames (ORFs) in the murIs of various bacteria and the initial codon of the ORFs often includes the substitution of the usual ATG for the unusual TTG or GTG (5, 6) suggests that the murI gene is translated on a specific mechanism that is still unidentified. It is generally assumed that MurI is strictly controlled UDP-MurNAc-L-Ala was prepared from the cell extract of E. coli WM335 according to the method previously (6) . A novobiocin-Sepharose resin was prepared by the method of Nakanishi et al. (9) . All other chemicals were of analytical grade.
Bacteria E. coli JM109 was purchased from TaKaRa Shuzo, Japan.
E. coli WM335 mutant was a kind gift from Prof. Dr. W. Messer of the Max-Plank Institute for Molecular Genetics, Germany.
Vector Plasmids
Vector plasmids pKK223-3 and pTrc99A, both of which contain an ampicillin (Amp)-resistance gene, were obtained from Pharmacia Biotech., Sweden, and pACYC184 that carries a tetracycline (Tet)-resistance gene was from Nippon Gene, Japan. Both plasmids pGR2 and pGR3 were constructed according to the strategy described previously (5) and used for analysis of the function of glutamate racemase. For the production of E. coli DNA gyrase (GyrAB), plasmid pGYRA, a pTrc99A having the gyrA gene, and plasmid pGYRB, a pTrc99A having the gyrB gene, were designed by the method of Mizuuchi et al. (10) . To obtain E. coli DNA toposiomerase IV (ParCE), plasmid pPARC, a pTrc99A having the perC gene, and plasmid pPARE, 7 a pTrc99A having the parE gene, were prepared by the method of Kato et al.
(11).
Transformation E. coli cells were transformed with the vector plasmid DNA by the CaCl 2 method (12) or the TSS method (13) and grown on the LB media containing appropriate antibiotics (1, 12) .
Measurement of Plasmid Copy Number
Plasmid copy numbers were determined densitometrically with a Digital Science EDAS 120 LE system (Gibco BRL, Grand Island) by the method of Projan et al. (14) .
Enzyme Assays
Glutamate racemase was assayed by the method DNA topoisomerase I (TopA) and IV (ParCE) were assayed in the absence (15) and the presence of ATP (11), respectively. One unit of both topoisomerases was defined as the amount of enzyme required to fully relax 0.5 µg of supercoiled pBR322 per hour.
Enzymes E. coli MurI was purified by the method described previously (1). The specific activity was 9.6 U mg The specific activity was 3. 
RESULTS

Effects on Plasmid Copy Number
To examine whether the production of MurI affects DNA processing in E. coli, we first assayed the plasmid copy numbers in several E. coli clones. In this experiment, both plasmid pGR2, a pKK223-3 having the murI gene isolated from the E. coli chromosome, and plasmid pGR3, a pKK223-3 having the designed murI gene in which a typical ribosome-binding sequence was introduced (5), were used. The plasmid pKK223-3, the multiplication of which is entirely dependent on the replication machineries of the host cells, i.e., the theta mechanism (16), was used as a control (usually over 20 copies). As shown in coli cells exhibiting aberration of the production of MurI due to deficient in the controls of DNA superhelical density (11) . MurI would also influence the replication of chromosome, since the overexpression and disruption of the murI gene allowed the appearance of abnormal cell growth in E. coli (2, 6, 7) .
Effects on Genetic Competence
While examining characteristics of the E. coli WM335 mutant, we found that its genetic competence declined dramatically compared with that of E. coli JM109, which has an intact murI gene, and, further, that such a decline in genetic competence of the mutant was recovered by the complementation of the murI gene with the plasmid pGR2 (Table 1) 
Effects on DNA Supercoiling Activities
The intracellular activity for DNA supercoiling was practically determined in the balance of the activities of TopA and GyrAB (18) , and net DNA supercoiling activity of bacterial cells can be determined by using the DNA gyrase assay system because the cell extracts essentially contain both the activities of GyrAB, which introduces negative supercoils into DNAs, and of TopA, which unwinds the supercoiled DNAs. In this study, comparatively low and high DNA supercoiling activities were observed in the cells of E. coli JM109/pGR3 and WM335, respectively (Fig. 2) .
The supercoiling activity of E. coli JM109/pGR3 cells was a tenth of that of E. MurI, was added to the DNA gyrase assay system as a negative control ( MurI against GyrAB was estimated to be 6.8 nM (Fig. 3B) On the other hand, E. coli MurI (0.5 nM) kept the activity of glutamate racemase even in the presence of 250-fold molar excess of GyrAB.
Effect of Glutamate Racemase on the Activity of DNA Topoisomerase IV
ParCE, a GyrAB paralogue, participates in the chromosome partitioning (11) that occurs after the DNA replication in cell division. The enzyme (20 nM), however, remained active when coexisting with abundant MurI (125 nM).
These suggest that DNA gyrase is the target of glutamate racemase in E. coli. c An E. coli transformation method with PEG; Chung et al. 1989 (13) .
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